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GATE ETCH PROCESS 

BACKGROUND 

Modern integrated circuits are constructed with up to several million 
active devices, such as transistors and capacitors, formed in a semiconductor 
substrate. Interconnections between the active devices are created by 
providing a plurality of conductive interconnection layers, such as polysilicon 
and metal, which are etched to form conductors for carrying signals between 
the various active devices. The conductive layers and interiayer dielectric are 
deposited on the silicon substrate wafer in succession, with each layer being, 
for example, of the order of 1 micron in thickness. 

A common intermediate structure for constructing integrated circuits is 
the stack shown diagrammatically in Figure 1 . This structure has a gate oxide 
(GOX, 10), which supports a layer of polycrystalline silicon (polysilicon, 12). 
Above the polysilicon layer is a layer of silicon nitride (14), followed by a layer 
of an anti-reflective coating (ARC, 16). Finally, a resist material 18 is present 
on top of the structure. The resist layer is patterned, followed by etching of 
the structure in the regions not covered by the resist material, allowing for the 
formation of functional elements within the structure, such as gates. 

The conventional etching process for a structure such as the stack is 
illustrated in the diagram of Figure 2. In this illustration, the etching steps are 
represented as patterned boxes, and an individual step etches the layer 
shown to the left of the etch box. Overetch steps are indicated by the fact that 
the lower limit of the etch box is positioned below the lower limit of the layer 
box. The step of etching the ARC, 20, is performed at medium pressure; and 
an overetch step, as indicated by the lower boundary of the etch positioned 
below the lower boundary of the ARC 16, is employed to insure the complete 
removal of the ARC. This etch is followed by a nitride etch step 22, using a 
low ratio of CF 4 to CHF 3l to overetch the silicon nitride layer 14. Finally, a 
main etch step 24 of the polysilicon 12 followed an overetch step 26 removes 
all material except the GOX base 10. 



During this etching, defects can be formed which span the entire height 
of the stack, i.e. from the GOX base to the resist layer. These cylindrical 
defects, having a diameter from 50-80 nanometers (nm), are known as 
"drips." The number of drips in a typical structure is from 50-100 drips per 
square centimeter (drips/cm 2 ). These defects cause contact open and single 
bit failure, resulting in structures which are not useful. Efforts to minimize the 
number of drips have come at the expense of critical dimension (CD) control, 
meaning that the size of the desired structural element formed is too large. 
There is thus a need for an etching process which can reduce the number of 
drips while maintaining acceptable CD control. 

BRIEF SUMMARY 

In a first aspect, the present invention is a method of making a 
semiconductor structure, comprising etching an anti-reflective coating layer 
with an ARC etch plasma at a pressure of at most 10 millitorr; etching a nitride 
layer with a first nitride etch plasma having a first F:C ratio; and etching the 
nitride layer with a second nitride etch plasma having a second F:C ratio. The 
first F:C ratio is greater than the second F:C ratio. 

In a second aspect, the present invention is a method of making a 
semiconductor structure, comprising etching an anti-reflective coating layer at 
a pressure of at most 6 millitorr; overetching the anti-reflective coating layer; 
etching a nitride layer with a first nitride etch plasma having a F:C ratio of at 
least 3.8; etching the nitride layer with a second nitride etch plasma having a 
F:C ratio at most 3.7; and overetching the nitride layer with the second nitride 
etch plasma. The semiconductor structure has at most 1 drip per square 
centimeter and has a minimum feature size of at most 1 .8 micrometers. 

In a third aspect, the present invention is a semiconductor structure, 
comprising a gate oxide; a polysilicon layer on the gate oxide; a silicon nitride 
layer on the polysilicon layer; and an anti-reflective coating layer on the 
polysilicon layer. The semiconductor structure has a minimum feature size of 
at most 1 .8 micrometers and has at most 10 drips per square centimeter. 



In a fourth aspect, the present invention is, in a method of making a 
semiconductor structure including etching an anti-reflective coating layer with 
an ARC etch plasma, etching a nitride layer, and etching a polysilicon layer; 
the improvement comprising applying the ARC etch plasma at a pressure of 
at most 10 millitorr; and etching the nitride layer with a first nitride etch plasma 
having a first F:C ratio, followed by a second nitride etch plasma having a 
second F:C ratio. The first F:C ratio is greater than the second F:C ratio. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a diagram of a stack 

Figure 2 is a diagram illustrating a conventional etch process. 
Figure 3 is a diagram illustrating an embodiment of the improved etch 
process. 

DETAILED DESCRIPTION 

The present invention includes a method for performing a gate etch 
with acceptable control of the critical dimension (CD) such that only a low 
number of cylindrical defects (drips) are formed. The method includes a low 
pressure anti-reflective coating (ARC) etch and a multiple step nitride etch 
process. The method can be used to provide semiconductor structures. 

The gate etch process makes use of the recognition that drip formation 
is due mainly to the ARC etch and to the nitride etch of the top portion of the 
silicon nitride layer. Defects that only exist in the top portion of the silicon 
nitride can be removed with a cleaning procedure, such as exposure to HF. 
Defects such as drips, which extend from the ARC through the silicon nitride 
layer, are not so easily removed, and thus a change in the chemical makeup 
of the etching agent has now been developed. Modifications to the etching 
agent include using a lower pressure in the ARC etch; addition of oxygen (0 2 ) 
to the ARC etch and/or to the first nitride etch; and the use of a high fluorine to 
carbon ratio (F:C) during the first nitride etch. The duration of the ARC etch 
and the second nitride etch may also be extended so as to provide a more 
lengthy overetch. 



The gate etch process of the present invention is illustrated in the 
diagram of Figure 3. First, a low pressure ARC etch 30 is performed to 
overetch the ARC layer 16. The etching agent in this process has a F:C of at 
least 4, and the pressure of the gas applied is 10 millitorr (mtorr) or less. The 
etching agent may, for example, be prepared from CF 4 . Preferably, the 
pressure of the gas applied is 6 mtorr or less. More preferably, the pressure 
of the applied gas is between 0.1 and 6 mtorr. The overetch used in this 
process is carried out for a longer time than the conventional overetch 20. 

The nitride etch is then performed as a two-step process. The etching 
agents for the nitride etch may be prepared from mixtures of CF 4 and CHF 3 . 
The first nitride etch 32 uses a F:C ratio of at least 3.8. The second etch 34 
uses a F:C ratio which is 3.7 or less, and is applied to etch and overetch the 
silicon nitride layer. Preferably, the first nitride etch 32 uses a F:C ratio of 
between 3.8 and 4.0. Preferably, the second nitride etch 34 uses a F:C ratio 
which is between 3.0 and 3.7. In either nitride etch, oxygen may be added to 
the etching agent. 

The polysilicon 12 can be etched with standard processes for the main 
etch 24 and overetch 26. Typically, the plasma etching of polysilicon is 
performed with chlorinating agents such as CI2 or a combination of BCI 3 and a 
halogenated hydrocarbon. The polysilicon etch can also be performed with 
combinations of, for example, SiCI 4 , BCI 3 , HBr, Br 2 , SF 6 , and CF 4 . 

In preparing a plasma for use as an etching agent for the ARC etch or 
for the first or second nitride etches, gases may be used in addition to or in 
place of CF 4 and CHF3. For example, other fluorinated gases may be used, 
such as C 2 F 6 , C 2 H 2 F 6l CH 2 F 2 , CH 3 F, C 2 F 8 , XeF, NF 3) SF 6 , and HF. Inert 
gases may also be used, including helium, xenon, argon, and nitrogen. Other 
gases which may be present include 0 2 , C0 2 , HBr, and Cl 2 . Since the etching 
agent is present as a plasma of charged atoms, it is more useful to refer to 
atomic ratios and abundances within the plasma than to focus on the 
substances used to make the plasma. Thus, any combination of gases may 
be used to provide etching agents with the desired ratios of carbon, fluorine, 
and hydrogen. 



It is believed that a high F:C ratio tends to reduce the quality of the CD 
control of the etching process. The presence of oxygen likewise can 
decrease the number of drips, but also contributes to undesirable shrinkage of 
the resist. In the ARC etch and the first nitride etch, the use of etching agents 
having a high F:C ratio and/or 0 2 thus contribute to the reduction in drip count. 
The acceptable CD control is then provided by the conventional nitride etch 
(low F:C ratio) used for the lower portion of the nitride etch. The gate etch 
process is particularly helpful for making semiconductor structures having 
feature sizes of 1 .8 urn or smaller, for example 1 .6 urn or smaller. The gate 
etch process provides acceptable CD control while reducing the number of 
drips to 10 or fewer drips/cm 2 . Preferably, the gate etch process provides 
acceptable CD control while reducing the number of drips to 8 or fewer 
drips/cm 2 . More preferably, the gate etch process provides acceptable CD 
control while reducing the number of drips to 1 or fewer drips/cm 2 . This drip 
count is a reduction by up to two orders of magnitude relative to the drip count 
from conventional etch processes. 

Defects can be measured by standard imaging techniques. The drips 
are coated with nitride to enlarge the drip, and the number of drips in a given 
area can be counted, for example by scanning electron microscopy (SEM) in 
combination with a defect tool. 

The related processing steps, polishing, cleaning, and deposition 
steps, for use in the present invention are well known to those, of ordinary skill 
in the art, and are also described in Encyclopedia of Chemical Technology, 
Kirk-Othmer, Volume 14, pp. 677-709 (1995); Semiconductor Device 
Fundamentals, Robert F. Pierret, Addison-Wesley, 1996; Wolf, Silicon 
Processing for the VLSI Era, Lattice Press, 1986, 1990, 1995 (vols 1-3, 
respectively), and Microchip Fabrication 4rd. edition, Peter Van Zant, 
McGraw-Hill, 2000. 

The semiconductor structures of the present invention may be 
incorporated into a semiconductor device such as an integrated circuit, for 
example a memory cell such as an SRAM, a DRAM, an EPROM, an 
EEPROM etc.; a programmable logic device; a data communications device; 



a clock generation device; etc. Furthermore, any of these semiconductor 
devices may be incorporated in an electronic device, for example a computer, 
an airplane or an automobile. 

EXAMPLES 

Example 1 - Conventional Etch Process 

An etch process was performed on a R7-1 .8 stack using a conventional 
sequence of etching agents. The ARC etch was performed using CF 4 at a 
flow rate of 100 seem and 80% He/0 2 at 8 seem, with a total pressure of 16 
mtorr. This etch was carried out either for the time limit of 55 seconds, or until 
95% of the ARC was removed, whichever occurred first. The ARC overetch 
was then performed under the same conditions for an etch time which was 
40% of the duration of the ARC etch. 

The nitride etch was performed using a ratio of CF 4 (68 seem) to CHF 3 
(32 seem) which was approximately 2:1 , with a total pressure of 1 5 mtorr. 
This corresponds to an F:C ratio of 3.67. The nitride etch was carried out 
either for the time limit of 1 00 seconds, or until 85% of the nitride layer was 
removed, whichever occurred first. The nitride overetch was then performed 
under the same conditions for an etch time which was 30% of the duration of 
the nitride etch. 

The main polysilicon etch was performed with the following sequence 
of etching agents: 

1 ) 30 seem Cl 2 ; 5 seem 80% He/0 2 ; 160 seem HBr; pressure of 10 
mtorr; for 32 seconds; 

2) 12 seem 80% He/0 2 ; 180 seem HBr; pressure of 30 mtorr; for 3 
seconds; and 

3) 12 seem 80% He/0 2 ; 180 seem HBr; pressure of 80 mtorr; to 
endpoint of 101% removal of polysilicon, up to 50 seconds. 

Overetch of the polysilicon layer was performed, first with 12 seem 80% 
He/0 2 and 180 seem HBr, at a pressure of 80 mtorr, for 45 seconds; followed 
by 1 00 seem 0 2 at a pressure of 80 mtorr for 1 0 seconds. 



Example 2 - Etch Process Including Oxide Etcher for ARC 

An etch process was performed on a R7-1 .8 stack using another 
sequence of etching agents. The ARC etch was performed using CF 4 at a 
flow rate of 18 seem, CHF 3 at 12 seem, and 0 2 at 8 seem, with a total 
pressure of 50 mtorr for a duration of 45 seconds. The ARC overetch was 
then performed with CF 4 at a flow rate of 100 seem and 80% He/0 2 at 8 seem, 
with a total pressure of 16 mtorr for 20 seconds. 

The nitride etch was performed using a ratio of CF 4 (68 seem) to CHF 3 
(32 seem) which was approximately 2:1, with a total pressure of 15 mtorr. 
The nitride etch was carried out either for the time limit of 40 seconds, or until 
85% of the nitride layer was removed, whichever occurred first. The nitride 
overetch was then performed under the same conditions for an etch time 
which was 65% of the duration of the nitride etch. 

The main polysilicon etch was performed with the following sequence 
of etching agents: 

1) 30 seem Cl 2 ; 5 seem 80% He/0 2 ; 160 seem HBr; pressure of 10 
mtorr; for 26 seconds; 

2) 8 seem 80% He/0 2 ; 1 80 seem HBr; pressure of 30 mtorr; for 3 
seconds; and 

3) 8 seem 80% He/0 2 ; 180 seem HBr; pressure of 80 mtorr; for 85 
seconds. 

Example 3 - Gate Etch Process Using Modified Etching Agents and 2- 
Step Nitride Etch 

An etch process was performed on a R7-1 .8 stack using a low 
pressure ARC etch, and a 2-step nitride etch where the first nitride etch uses 
a high F:C ratio. The ARC etch was performed using CF 4 at a flow rate of 100 
seem and 80% He/0 2 at 4 seem, with a total pressure of 6 mtorr. This etch 
was carried out either for the time limit of 55 seconds, or until 95% of the ARC 
was removed, whichever occurred first. The ARC overetch was then 
performed using the same plasma composition, but with a pressure of 16 
mtorr. The overetch time was 35% of the duration of the ARC etch. 
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The first nitride etch was performed using a ratio of CF 4 (80 seem) to 
CHF 3 (20 seem) which was approximately 4:1 , with a total pressure of 15 
mtorr. This corresponds to an F:C ratio of 3.8. This first nitride etch was 
carried out for 25 seconds. 

The second nitride etch was performed using a ratio of CF 4 (68 seem) 
to CHF 3 (32 seem) which was approximately 2:1, with a total pressure of 15 
mtorr. This corresponds to an F:C ratio of 3.67. The nitride etch was carried 
out either for the time limit of 100 seconds, or until 85% of the nitride layer 
was removed, whichever occurred first. The nitride overetch was then 
performed under the same conditions, for an etch time which was 36% of the 
duration of the nitride etch. 

The main polysilicon etch was performed, first with 30 seem Cl 2 , 5 
seem 80% He/0 2 , and 160 seem HBr at a pressure of 10 mtorr for 27 
seconds; followed by 20 seem 80% He/0 2 , 190 seem HBr at a pressure of 30 
mtorr for 1 1 seconds. 

Overetch of the polysilicon layer was performed, first with 12 seem 80% 
He/0 2 and 180 seem HBr, at a pressure of 80 mtorr, for 1 10 seconds; followed 
by 100 seem 0 2 at a pressure of 80 mtorr for 10 seconds. 

Example 4 - Comparison of Conventional Etching and Gate Etch 
Process Using Modified Etching Agents 

The etched products of Examples 1-3 were analyzed for defects and 
CD control using a KLA ES20. The CD control was measured for the CCD 
line and the MOD feature. The etch bias was calculated as the change in line 
width during the etching process, and is defined as the feature dimension 
after etch minus the feature dimension before etch. It is desirable to have a 
large negative bias, a low standard deviation (a) of the dimensions of the 
features, and a low concentration of drips (drips/cm 2 ). The characteristics of 
structure parameters after etching are given in Table A. 
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TABLE A 





Example 1 


Example 2 


Example 3 


CCD line before etch (nm) 


189 


189 


189 


CCD line after etch ± 3a (nm) 


181 (±18) 


182.7 (±20) 


173 (±15) 


CCD Etch bias 


-5 


-5 


-10 


MOD feature before etch (nm) 


180 


180 


180 


MOD feature after etch ± 3a (nm) 


181 (±14) 


177 (±20) 


168 (±17) 


MOD Etch bias 


-4 


-1 


-8 


drips / total defects 




4/19 


5/9 


drips / cm 2 


50-600 


0.62 


0.78 



